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(54) LOOP TUBE AIR PIPE ACOUSTIC WAVE REFRIGERATOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a self^excited 
oscillator for generating a standing wave having a large 
pressure vibration and a traveling wave for substantially 
refrigerating a refrigerator and a loop tube air pipe 
acoustic wave refrigerator using the waves. 
SOLUTION: The loop tube air pipe acoustic wave 
refrigerator inserts a stack 21 sandwiched between a 
high temperature side heat exchanger 22 and a low 
temperature side heat exchanger 23 into piping 1 0 for 
sealing gas, arranges a cold heat storage unit 31 
together with a high temperature side heat exchanger 32 
and a low temperature side heat exchanger 33 at 
asymmetrical positions with the stack to form a circuit, 
propagates a standing wave and a traveling wave 
generated in a self^excited manner from the sealed gas 
in the stack via the piping, simultaneously cool stores 
and refrigerates the unit 31 and smoothly radiates. 
Accordingly, since a pressure change of working gas can 

be brought out without using a compressor or the like, the loop tube air pipe acoustic wave 
refrigeration by a thermoacoustic operation needing no maintenance can be provided. 



r12 



-.13 



'55 



1 / 1 



5/22/2009 5:34 PM 



JP,2b00-088378,A [CLAIMS] http://www4.ipdLinpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u= . . . 

* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A stack inserted into a high temperature side heat source of 1, and the low temperature 
side heat source of 1 , and regenerator inserted into other high temperature side heat sources 
and other low temperature side heat sources, A loop-pipes air column sound wave-motion 
freezer which encloses a gas with a circuit which resembles piping which has an 
interconnecting-tube part of a couple which connects both ends of a straight-line tube part of a 
couple, and this straight-line tube part mutually, and is formed more, makes said enclosure gas 
generate a standing wave and a progressive wave in self-excitation in said stack, and makes it 
come to cool said regenerator. 

[Claim 2]The loop-pipes air column sound wave-motion freezer according to claim 1 which 
consists of shape in which this interconnecting tube has a straight-line portion in piping which 
has an interconnecting-tube part of a couple which connects both ends of a straight-line tube 
part of a couple, and this straight-line tube part mutually. 

[Claim 3]The loop-pipes air column sound wave-motion freezer according to claim 1 with which 
a part of piping between a stack and regenerator is characterized by making the inside diameter 
greatly compared with other portions in piping which has an interconnecting-tube part of a 
couple which connects both ends of a straight-line tube part of a couple, and this straight-line 
tube part mutually. 

[Claim 4]A loop-pipes air column sound wave-motion freezer allotting this stack so that the 
center of a stack may serve as a position of 0,28**0.05 of a circuit overall length when making 
an intersection of each medial axis when an end of a straight-line tube part and an end of an 
interconnecting-tube part are connected into the starting point of a circuit and setting a circuit 
overall length to 1 .00. 

[Claim 5]When setting a circuit overall length to 1.00, pressure fluctuation of an enclosure gas 
along a circuit. The 1st peak is near the stack, and also it is about 1/2 of a circuit overall length. 
A loop-pipes air column sound wave-motion freezer providing this regenerator so that the center 
of the regenerator according to claim 1 may serve as a position which passed over this 2nd peak, 
when an advanced (about 0.50 of a circuit overall length) position has the 2nd peak. 
[Claim 6]A loop-pipes air column sound wave-motion freezer which is either of claims 1 thru/or 
5 whose gases enclosed with a circuit are gases chosen from a mixture of nitrogen, helium, 
argon, and helium and argon, or application-of-pressure air. 

[Claim 73a loop-pipes air column sound wave-motion freezer constituting so that construction 
material of a stack may consist of at least one sort of ceramics, a sintered metal, a wire gauze, 
and metal nonwoven fabrics and the omegatau may change with the range of 0.2-20. 
[Claim 8] By a stack which changes thermal energy based on a high temperature side heat source 
and the low temperature side heat source into pressure vibration of a gas enclosed with a circuit 
A loop-pipes air column sound wave-motion freezer which will be provided with them with 
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regenerator if a standing wave and a progressive wave generator wlnich may be made to generate 
pressure vibration (resonance) which includes a standing wave and a progressive wave which 
consist of frequency according to circuit length of said circuit in self^excitation are required. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the InventionjThis invention relates to the loop-pipes air column sound wave-motion 
freezer which makes the regenerator which brought resonance (pressure vibration) to the heat 
sound refrigeration circuit including piping, and was provided in it according to the 
thermoacoustic effect in the circuit using the progressive wave etc. which were generated by 
the circuit internal loop of piping filled up with the predetermined gas (work gas) cool. 
[0002] 

[Description of the Prior Art]It is known for many years as a phenomenon out of which a sound 
comes that sound may arise under the influence of heat, when hot spherical glass is attached at 
the tip of a cold stem, for example by glass-blowing 

This is checked by a sound being emitted by the thermoacoustic effect from the glass tube, if 
heat is applied to the pars basilaris ossis occipitalis of the glassware of the shape of a round 
bottom flask called "Soundhauss tube", It is checked by inserting in the inside of the glass tube 
the stack which forms porosity or multilayer narrow space that the sound effects by the above- 
mentioned heat drive increase. 

[0003] On the other hand, with the heat given from the outside of a container using such a 
thermoacoustic effect. The work gas with which it filled up beforehand in the container is made 
to produce pressure vibration (heat sound work), This heat sound work. Heat sound freezers, 
such as Biya Qu Ra who make it convert into heat and made the cooling action, are also known 
(G. the 1147th page of W.Swift "Thermoacoustic engines" 1988 AcousticalSociety of America, 
FIG.3). 

[0004]Biya Qu Ra provides a spherical part in the one end side of the resonance tube with which 
one end carried out the opening and the other end was stopped. 

The motor and heat pump which consist of a heat exchanger by the side of the elevated 
temperature located in a stack and its both sides, respectively and low temperature in the middle 
of the resonance tube on the other hand are formed, In the resonant frequency of a resonance 
tube, autoexcitation (self-excitation) of the pressure vibration (standing wave) is carried out to 
internal working medium by the motor, the pressure vibration is further given to the heat pump 
which works for reverse with said motor, and a cooling action is made by the low temperature 
side heat exchanger. 

[0005]SEPARE (Ceperley) has proposed the heat sound freezer of the progressive wave type of 
seasonal prevalence which formed the heat sound production means so that it may lose the 
piston to a Stirling engine. The motor as a pressure vibration generating means which consists of 
a heat exchanger by the side of the elevated temperature located in the middle position where 
this freezer bisects that piping symmetrically in the middle of looped shape piping at a stack and 
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its both sides, and low temperature, Forming the heat pump which has a heat exchanger by the 
side of the elevated temperature located in regenerator (heat regenerator) and its both sides, 
and low temperature and by which said motor works for reverse, and performing hot thermal 
energy supply on said motor. Heat can be pumped up from the low temperature side to the 
elevated-temperature side heat exchanger by said heat pump, and a cooling action can be made 
to perform. 

[0006] However, there is no report that the trial which embodies the proposal of the above- 
mentioned Ceperley was successful. It adds, about such a progressive wave **** generator, the 
report do not oscillate theoretically or in practice should do by ACHIRE (Atchley) — being (Third 
Joint Meeting, ASA and ASJ Dec. 1996 Honolulu, HI), and. Recognition that it was impossible to 
make it oscillate was being circulated also at the society. 
[0007] 

[Problem(s) to be Solved by the Invention]Although Atchley was inserting the stack inserted into 
the position of the center of inversion in the piping circuits similar to a circle type or it by the 
heat exchanger which has a heat source of an elevated temperature and low temperature, the 
freezer using the above thermoacoustic effects, for example. The progressive wave which can 
contribute to refrigeration strongly also in any was not able to be generated (oscillation). 
Therefore, the actual condition is that the compressor is generally used as a means for 
fluctuating the pressure of working medium. 

[0008] However, in the freezer using the compressor of the piston type, to a flexible region, 
maintenance work, such as a periodical parts replacement, is indispensable, and cannot run 
continuously a freezer for a long time. 

[0009]On the other hand, without using a mechanical compressor, an electromagnetic valve, etc., 
the pressure vibration generating means by a thermoacoustic effect can make work gas generate 
the pressure vibration of sine wave shape, and is advantageous in endurance or the field of 
miniaturization. However, it was the biggest technical problem how the device which can be 
oscillated is created by there being still no example oscillated actually. A maintenance provides 
the unnecessary wave-motion freezer excellent in endurance substantially by the ability to use 
the thermoacoustic effect which was made that this invention should solve the above-mentioned 
conventional technical problem, and can generate the standing wave and progressive wave which 
contribute to refrigeration of a pulse tube refrigerator etc. strongly. 
[0010] 

[Means for Solving the Problem]This invention by a stack which changes thermal energy based 
on a high temperature side heat source and the low temperature side heat source into pressure 
vibration of a gas enclosed with a circuit. It is a loop-pipes air column sound wave-motion 
freezer provided with a generator of a standing wave which may make pressure vibration 
(resonance) which includes a standing wave and a progressive wave which consist of frequency 
according to circuit length of said circuit in self-excitation generate, and a progressive wave with 
regenerator. Although a standing wave or a progressive wave which can contribute to a frozen 
operation strongly were not generated in a motor or heat pump of conventional technology. In 
this invention, conditions of an autoexcitation oscillation in ** stack were discovered, and this 
was applied. ** A stack and regenerator have been arranged asymmetrically, moreover, a 
straight-line tube part and an interconnecting-tube part were provided in piping, and a flow of an 
enclosure gas built rectilinear propagation and the state of circling almost right-angled, and it 
was easy to generate and succeeded in a standing wave and a progressive wave, ** Succeed in 
development of operating a prime mover (motor) in non-isothermal, and the first loop-pipes air 
column sound wave-motion freezer for it to be practical in be alike. 

[001 1]If each claim is explained below, first an invention concerning claim 1. A generating means 
of a standing wave which becomes piping which enclosed a gas (work gas) from a stack inserted 
into a high temperature side heat source and the low temperature side heat source, and a 
progressive wave. It is a sound wave-motion freezer which considers an cold accumulating 
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means inserted into other high temperature side heat sources and the low temperature side heat 
source as main composition, It is connected to a position via said piping, and a stack and an cold 
accumulating means form a circuit of work gas, Thermal energy given to work gas is changed into 
a pressure by stack based on a heat source which produces and cheats out of a predetermined 
temperature gradient put on stack both ends, and self-excitation vibration arises from a pressure 
to change. Vibration (oscillation) includes a standing wave and a progressive wave which consist 
of frequency according to circuit length. A generated progressive wave advances all over a 
circuit from a high temperature side heat source of 1, results in regenerator through other high 
temperature side heat sources, and brings about a sound wave-motion refrigeration function as a 
progressive wave with sufficient frozen operation. Next, in piping which has an 
interconnecting-tube part of a couple which connects both ends of a straight-line tube part of a 
couple, and this straight-line tube part mutually, by making this interconnecting tube into shape 
which has a linear shape pipe portion, an invention of claim 2 specifies shape of piping so that it 
may be easy to produce a standing wave in a stack. In order to make a stable progressive wave 
which contributes to refrigeration generate, existence of a standing wave is also indispensable 
and piping shape shape and a straight-line pipe portion and a linear shape interconnecting-tube 
portion cross at right angles is especially useful to a sound wave-motion refrigeration function. In 
piping which has an interconnecting-tube part of a couple by which an invention of claim 3 
connects both ends of a straight-line tube part of a couple, and this straight-line tube part 
mutually. Compared with a portion of others [ piping / a part of / which connects between a 
stack and regenerators ], by being characterized by the inside diameter being large, in this way, if 
a portion with a thick path is provided at the time of the same pipeline length, oscillating 
frequency can be made low. For this reason, the optimal oscillating frequency for refrigeration is 
realizable with shorter pipeline length. Pipeline length is a big element which governs occupied 
volume, and reduction of pipeline length contributes to a miniaturization of a ****** freezer 
strongly. 

[0012]When making an intersection of each medial axis when an end of a straight-line tube part 
and an end of an interconnecting-tube part are connected into the starting point of a circuit and 
setting a circuit overall length to 1.00. the invention according to claim 4 arranges a stack so that 
the center of a stack may serve as a position of 0.28**0.05 of a circuit overall length of a circuit 
overall length. When each temperature of this condition, a high temperature side heat source in a 
stack, and the low temperature side heat source is suitable, an efficient self^excited vibration 
arises for the first time. In addition, pressure fluctuation of an enclosure gas which met a circuit 
when an invention of claim 5 set a circuit overall length to 1.00, The 1st peak is near the stack, 
and also it is one half of circuit overall lengths (0.50 of a circuit overall length). When an 
advanced position has the 2nd peak, When fulfilling this condition by being characterized by 
establishing a center position of the regenerator according to claim 1 in the neighborhood which 
passed over this 2nd peak, arrangement of regenerator becomes the optimal and cooling 
efficiency is raised further. 

[001 3]A gas which encloses with a circuit an invention of claim 6 which shows desirable 
conditions uses a mixture of nitrogen, helium, argon, and helium and argon, or air, and a 
refrigeration function is improved [ as a result ] further. 

[001 4] Construction material of a breathability porosity object in which the invention according to 
claim 7 forms a stack, or a layered product Ceramics. At least one sort of a sintered metal, a 
wire gauze, and metal nonwoven fabrics is characterized by independent or having accumulated 
and laminated [ combined and ], having used, and being constituted so that the omegatau may 
change with the range of 0.2-20. 

[0015]The invention according to claim 8 by a stack which changes thermal energy based on a 
high temperature side heat source and the low temperature side heat source into pressure 
vibration of a gas enclosed with a circuit. About a progressive wave generator which may be 
made to generate pressure vibration (resonance) which includes a standing wave and a 
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progressive wave which consist of frequency according to circuit length of said circuit in 
self-excitation in non-isothermal, if this oscillation device is required, it will have with 
regenerator. 
[0016] 

[Embodiment of the Invention]It explains referring to an accompanying drawing for the desirable 
embodiment of this invention hereafter. 

[0017] Drawing 1 is a figure showing one embodiment of the loop-pipes air column sound 
wave-motion freezer concerning this invention. In drawing 1 , 10 shows a circuit including piping 
and inactive gas (gas), such as nitrogen, is enclosed with the circuit as predetermined work gas. 
This work gas is a pressurization state of about 0.1-1.0 MPa of absolute pressure, for example, 
although the ordinary pressure also operates. Work gas can use the mixture of nitrogen, helium, 
argon, and helium and argon, etc., and what mixed helium and argon at about 1:1 - the rate of a 
volume ratio of the abbreviation 3:1 especially can raise refrigeration efficiency. Since the 
progressive wave generator by work gas does not have the necessity for a member of bringing 
about wear like a piston or a valve, there is an advantage in which a maintenance forms an 
unnecessary engine substantially. As a material which can be used for piping, it is a thing of the 
circular section which consists of stainless steel, for example, It has the parallel straight-line 
tube parts 1 1 and 1 2 of length La of a couple and the interconnecting-^ube parts 1 3 and 1 4 of 
the length Lb of the almost parallel couple mutually connected with the both ends of these 
straight-lines tube parts 1 1 and 1 2 which extend in the longitudinal direction of the whole piping. 
The portion of the straight-line tube part 1 5 constitutes the tube diameter thickly. As a result, 
when an enclosure gas vibrates by autoexcitation so that it may mention later, that frequency 
becomes low (comparing, when a tube diameter is uniform). The oscillation of low frequency is 
more advantageous in thermal energy in the sound wave-motion freezer of this invention. 
[0018]And the pressure vibration generating means as a motor which makes work gas produce 
pressure fluctuation is provided in the predetermined region of one straight-line tube part 1 1 . 
The stack 21 of the predetermined length which is parallel to the axis of the straight-line tube 
part 1 1 as for this pressure vibration generating means, and forms two or more parallel passages 
narrower than the passage 1 1 in the piping 1 0, It has the elevated-temperature side heat 
exchanger 22 adjoined and provided in the left-in-the-figure side of the stack 21, and the low 
temperature side heat exchanger 23 adjoined and provided in the figure Nakamigi side of the 
stack 21. The piping 10 is formed in the approximately rectangle as a whole, and the piping 10 
and the stack 21 form the symmetrical un-circular circuit to a predetermined object center (it is 
equivalent to the field which intersects perpendiculariy with the straight-line tube parts 1 1 and 
1 2 in the position of La/2). On the other hand, the arranging position of the stack 21 is a position 
brought near by one side so that the tube part length by the side of low temperature might be 
set to abbreviated La / 4 - abbreviation La / 3 from one end, for example in the straight-line 
tube part 1 1 of length La and the tube part length by the side of an elevated temperature might 
serve as -La - (2/3) -La from the other end (3/4). That is, the stack 21 is put aside and 
arranged to the object center of the circuit (only henceforth a circuit) of the work gas containing 
the piping 10 and the stack 21. One end of said straight-line tube part 1 1 and the other end are 
the intersections of the axis line of the straight-line tube part 11, and the axis line of the 
interconnecting-tube parts 13 and 14. What the stack 21 becomes from the ceramics of 
honeycomb structure which have many parallel parallel passages, for example, many — that by 
which the stainless steel mesh sheet metal of several sheets has been arranged with the minute 
space (about hundreds of micrometers), and the nonwoven fabric which gathered stainless steel 
textiles. Or it has two or more narrow passages which were filled up with the sintered metal etc. 
in the case and manufactured them, and the fixed temperature gradient which meets the stack 
21 by the heat exchangers 22 and 23 at the internal surface is produced, the elevated- 
temperature side heat exchanger — many — the light-gage metal plate of several sheets is 
allocated with a minute space, and is maintaining at the elevated temperature, for example, 580 
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degrees K, with the heater etc. which do not illustrate the circumference, the low temperature 
side heat exchanger which is an ordinary temperature heat exchanger — for example — many 
— the light-gage metal plate of several sheets is a thing arranged with the minute space, or a 
thing of a stack and a similar structure, and the circumference is cooled by ordinary temperature 
cooling water etc., for example, it keeps at 290 degrees K near a room temperature. Said 
elevated-temperature side heat exchanger and the heater constitute the high temperature side 
heat source said to this invention, and the low temperature side heat exchanger, ordinary 
temperature cooling water, etc. constitute the low temperature side heat source. The outer wall 
of the heat exchangers 22 and 23 consists of copper alloys, for example. 
[0019]The regenerator 31 is formed in the straight-line tube part 12, and this regenerator 
consists of a cold reserving material with large calorific capacity. Various things, such as mesh 
state, a globular shape, tabular, shape where the board was rounded off. and a board by which 
the etching process was carried out. can be used, using stainless steel, copper, lead, etc. for 
example as a cold reserving material. In drawing 1 . regenerator is a thing of the predetermined 
length which forms two or more gas passagewaies narrower than the passage in the piping 12 in 
the predetermined cool storage field established in the straight-line tube part 12 of another side 
among couples in parallel with the axis of the straight-line tube part 1 2. The elevated- 
temperature side heat exchanger 32 is adjoined and formed in the direction-of-movement 
downstream of the progressive wave to this regenerator, to regenerator, the low temperature 
side heat exchanger 33 adjoins, and the direction-of-movement upstream of said progressive 
wave is provided. When regenerator is spread among these regenerators 31 and the heat 
exchangers 32 and 33 by the progressive wave from the stack 21 and it has advanced into the 
inside from the elevated-temperature side heat exchanger 32, The heat pump 30 which 
promotes the heat transfer from the low temperature end side to the high temperature end side, 
i.e., pumping of the heat by the low temperature side heat exchanger 33 and the discharging 
action of the heat by the elevated-temperature side heat exchanger 32. is constituted. 
l0020]Here. the oscillating condition of the stack 21 which is a pressure vibration generating 
means is explained. A stack consists of a porosity layered product etc. which can show thin 
textiles to a wire gauze in the example which carried out the braid, The channel radius of the 
parallel passage at the time of work gas flowing r (several 1 00- tens of micrometers). Set To and 
a temperature diffusion coefRcient to alpha, and temperature relaxation time is set [ the angular 
frequency of working medium / omega and the stack elevated-temperature side heat exchange 
temperature ] to tau (=r /2alpha) for Th and the stack low temperature side heat exchange 
temperature. If the conditions of a vibration generation are summarized based on an experimental 
result by dimensionless quantity omegatau and thermal-ratio Th/Tc which show the grade of 
heat exchange, the curve about a progressive wave as shown in drawing 3 w ill be obtained. 
Drawing 2 is the schematic diagram of a pressure vibration generating means (stack) or a 
resonator with which observation of the standing wave of drawing 3 . etc. was presented. When 
using it as a resonator, it consisted of a state of piping where formed the divider plate 1 9 into the 
circuit 10, and both ends were stopped, and the resonator is provided with the stack 21, the high 
temperature side heat source 22, and the low temperature side heat source 23. When using as a 
pressure vibration generating means, in a circuit, a divider plate is unnecessary like the case of 
drawing 1 . If the specific conditions shown in drawing 3 are fulfilled when enclosing a gas and 
maintaining a high temperature side heat source and the low temperature side heat source at a 
predetermined temperature, respectively a pressure vibration generating means, a resonator, or 
in any case, a self-excitation oscillation will take place to a stack. When an oscillation takes place 
by a stack, in the resonator, the standing wave which uses the position of a divider plate as an 
undulatory paragraph mainly occurred, and vibration which makes a circuit overall length 

half-wave length, full wave length, and two wave has arisen. It seems that on the other 

hand, a standing wave occurs first when there is no divider plate, this is amplified, and generating 
of a progressive wave is urged. Drawing 3 is also writing together the stability curve which shows 
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omegatau of the standing wave which is an experimental result of an above-mentioned 
resonator, and thermal-ratio Th/Tc. Observation of these standing waves and a progressive 
wave transposes a part of piping to the transparent glass tube 41, and carries out the light 
source 43 and the Doppler velocimeter (LDV) using micro laser beams as shown in drawing 2 . It 
is based on the result of having arranged the pressure gauge etc. all over a circuit and having 
measured the unit for 10 to 100 microseconds (microsecond). A progressive wave is oscillated 
with fewest thermal ratios (little input) in about tau= one to two omega so that clearly from 
drawing 3 . The case where it is within the limits of omegatau=0.2 - 20. and in a case of besides [ 
the range ]. the direction in within the limits oscillates with few thermal ratios. When omegatau is 
enlarged further extremely (1000 or more [ for example, ]) or it is made extremely small (0.001 or 
less), an effective progressive wave cannot be acquired. It became clear that omega S value 
which serves as the minimum compared with a progressive wave was a little large (3-4). and the 
standing wave of the minimal value of thermal-ratio Th/Tc was also high. The conditions which 
make this stable standing wave and progressive wave generate are as having been shown in 
drawing 3 . and will not be clearly made without this invention person etc. Explanation about the 
sound wave-motion freezer which consists of a loop-pipes air column of this invention of 
drawing 1 is given again. 

[0021]In composition like a drawing, while hot heat is supplied to the elevated-temperature side 
of the stack 21 via the elevated-temperature side heat exchanger 22, When discharge of heat is 
made via the low temperature side heat exchanger 23 from the low temperature side of the 
stack 21, a big predetermined temperature gradient (Th-Tc) arises to the both ends of a stack, 
and a predetermined temperature gradient arises in each passage wall of a stack. And it 
originates in this and the work gas which is contained in the narrow parallel passage inside a 
stack oscillates with the oscillating frequency according to the pressure of work gas. and the 
length of the piping 10. And in the stack 21. heat is changed into the energy of vibration by a 
thermoacoustic effect, and a standing wave and a progressive wave arise. The cool storage 
effect which was excellent in regenerator by the pressure fluctuation of this standing wave and a 
progressive wave is brought about. Without in other words using a compressor etc., work gas can 
be made to produce pressure fluctuation required for a refrigerating cycle, and it can freeze with 
a compact device. 

[0022]Here, a supplementary explanation is given of the desirable requirements for the 
loop-pipes air column sound wave-motion freezer of this invention. The predetermined region 
which allocates the stack 21 is in the position (putting aside position) from which it separated 
from the axial direction middle position of one straight-line tube part 1 1 in this invention device, 
Since you are making it located in one side of a center of inversion which classifies the endless 
pipeline 10 symmetrically with the longitudinal direction both sides, it is surmised that the 
progressive wave which can contribute to refrigeration strongly by a pressure vibration 
generating means can be generated. In the case of piping of drawing 1 . in the straight-line pipe 
12 and the interconnecting tube 13, the desirable position of this stack exists in about 0.28 
position of a circuit overall length (an overall length is set to 1 .00), when making the center 
position (intersection of each axis) of both connecting part into the starting point By the way, by 
conventional technology, it is not clarified about the relative position relation of regenerator and a 
stack. But a self-excitation oscillation has not broken out in conventional technology, and, 
naturally an oscillating condition is unknown, it was shown in drawing 4 — as — between the 
relativity of regenerator and a stack — ** — an optimal position can be decided experimentally. 
The very small pressure sensor (measuring instrument) 42 grade was allotted in the circuit, and it 
searched for the optimal position in a circuit through change of the pressure of work gas by 
making the propagation rate of a progressive wave, and distance (it advances to the 
circumference of an anti-clock with Xn=0 with a certain position as the starting point, and a 
circuit overall length is set to Xn=1 ) of regenerator and a stack into a variable. The 1 st peak is 
near the stack, and also the pressure fluctuation of the enclosure gas along the circuit Xn is 
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about 1 /2 of a circuit overall length (about 0.50 of a circuit overall length). When it is drawing 4 
which has the 2nd peak in the advanced position, it is good to provide regenerator so that the 
center of regenerator may serve as a position which passed over this 2nd peak. In other words, 
as the interval of regenerator and a stack becomes about 0.55**0.10. the cool storage effect 
serves as the maximum in energy in distance at the time of ****. A progressive wave grows into 
the direction and reverse which a progressive wave follows toward the direction to which 
pumping of the heat according [ this reason ] to a standing wave becomes large [ pressure 
amplitude ]. Since a viscous loss serves as the minimum in the position from which pressure 
amplitude serves as the maximum, it is because the sum of both effect becomes the best [ 
arranging regenerator ] for the hit which passed over a littie peak of the 2nd pressure amplitude 
used as the maximum. 

[0023]The cooling action by heat pump can be made in this invention, without using a 
compressor etc.. And sufficient piping length is securable. not saying that it is possible to 
constitute piping in three dimensions as a whole, and making the whole compact, the frequency 
of vibration to generate is low and there is an advantage to which a frozen operation is raised, so 
that a circuit is long. 
[0024] 

[Example]About piping of the same composition as one embodiment shown in drawing 1 . length 
La of the straight-line tube parts 1 1 and 12 of the piping 10 was 1 190 mm, the length Lb of the 
interconnecting-tube parts 13 and 14 of piping was 275 mm, and 41.5 mm and the thickness of 
piping were the inside diameter of piping 0.5 mm. The curvature radius R of the corner part 
between the straight-line tube parts 1 1 and 12 and the interconnecting-tube parts 13 and 14 
was connected so that it might be set to 50 mm. The cell size of the stack which set the length 
of the stack 21 to 40 mm. set the diameter dimension of the stack to 40 mm. and was used on 

that occasion is #1500 (1500-piece [/inch ] ). It is a sheath heater 1 mm in diameter, and the 
elevated-temperature side heat exchangers 22 are 1000 mm in overall length, and a 30 ohms 
(electric resistance value) thing, and the low temperature side heat exchanger 23 converges 21 
fins which consist of a steel plate 10 mm in length, and they constitute it in path of 37 mm. The 
regenerator 31 was 80 mm in length, is a thing with a diameter of 40 mm and carried out 
restoration use combining the mesh made from stainless steel. The heat exchangers 32 and 33 
which touch regenerator are the length shaft orientations of 1 5 mm, fin 1 mm in thickness, 0.5 
mm of gaps, and the things 37.5 mm in inside diameter which are the same fin types as the low 
temperature side heat exchanger of a stack, and the elevated-temperature and low temperature 
side processed [ both ] by the wire cut. Although filler gas used nitrogen, air, etc., the gaseous 
mixture (0-25MPa) of helium and argon was the best for the use of a cooler. The sheath heater 
was able to be presented with the electric power not more than 200W, and the temperature of 
regenerator was able to be made to descend in steady operation of drawing 1 f rom a room 
temperature (28 **) to minus 24** (249K). 

[0025]Independentiy, the resonator which inserted the thin divider plate 1 9 of the circuit of 
drawing 2 is explained. 

[0026]As work gas. it is filled up with the air of charged pressure 0.1 MPa. and they are stack 
both sides. It is referred to as cooling temperature Tc 290K (water cooling) by the side of the low 
temperature of a heat exchanger, Cooking temperature Th by the side of an elevated 
temperature was changed to 350K to about 880K, supply and discharge of thermal energy were 
performed, and the stability curve of drawing 3 has been obtained experimentally. When Tc 
exceeded critical temperature (threshold), it was observed that self-oscillation happens. 
[0027]The circuit of drawing 2 has a stack 40 mm in length, and are 20.1 mm in inside diameter, 
and a thing of 2.58 m (an inside diameter however, the glass tube part 41. 18.5 mm) of 
perimeters. The frequency of the generated standing wave was 268 Hz. The stability curve about 
the progressive wave shown in drawing 3 except for the divider plate was obtained. 
[0028] 
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[Effect of the Invention]The loop-pipes air column sound wave-motion freezer concerning this 
invention. Arrange piping, a stack, and regenerator asymmetrically, and since it was easy to 
generate and revolution of a straight-line pipe is designing the standing wave and the progressive 
wave, the flow of filler gas, According to the device of this invention, without using a compressor 
etc., the pressure fluctuation of work gas can be produced, it is compact and the sound 
wave-motion freezer excellent in endurance can be provided. Since the loop-pipes air column 
sound wave-motion freezer concerning this invention is generating the standing wave and 
progressive wave which contribute to refrigeration strongly by a pressure vibration generating 
means, it can perform efficient cool storage and refrigeration, and the discharge of heat by heat 
pump. If the path of piping is selectively made thick, or if piping length is substantially 
expandable, it becomes possible to make oscillating frequency low, and a wave-motion freezer 
with sufficient thermal efficiency can be obtained. 
[0029] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

FDrawing lil t is one example of this invention and is a schematic diagram of the loop-pipes air 
column sound wave-motion freezer which comprised a stack, regenerator, and piping. 
rPrawing 2] It is a schematic diagram of the resonator for measuring the standing wave generated 
in a stack. A progressive wave will also be generated if a divider plate with a stoppage function Is 
removed. 

FDrawing 3l lt is a stability curve which shows the relation of omegatau and Th/Tc in standing 

wave (-) and progressive wave (). The curve upper part of concave is an oscillation region 

upwards, and a curved lower part is a field where an oscillation does not take place. 

FDrawing 4l lt is a graph of the position and pressure fluctuation which show a circuit position and 

a pressure variation action in case a progressive wave and ****** coexist. Optimal position of 

regenerator The figure Nakaya seal (**) shows R. 

[Description of Notations] 

1 0 Piping (circuit of piping) 

1 1 and 1 2 Straight-line tube part 

1 3 and 1 4 Interconnecting-tube part 

1 5 The large diameter portion of an interconnecting tube 

19 Divider plate 

21 Stack 

22 Elevated-temperature side heat exchanger 

23 Low temperature side heat exchanger 

31 Regenerator 

32 Elevated-temperature side heat exchanger 

33 Low temperature side heat exchanger 

41 Glass tube 

42 Pressure survey machine 

43 Light source 
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WRITTEN AMENDMENT 



[Written amendment] 

[Filing date]August 30. Heisei 11 (1999.8.30) 
[Amendment 1] 

[Document to be Amended]Specification 
[Item(s) to be Amended]Claim 
[Method of Amendment]Change 
[Proposed Amendment] 
[Claim(s)] 

[Claim 1]A stack inserted into a high temperature side heat source of 1. and the low temperature 
side heat source of 1 , 

Regenerator inserted into other high temperature side heat sources and other low temperature 
side heat sources, 

A gas is enclosed with a circuit which resembles piping which has an interconnecting-tube part 
of a couple which connects both ends of a straight-line tube part of a couple, and this 
straight-line tube part mutually, and is formed more, 

A loop-pipes air column sound wave-motion freezer which makes said enclosure gas generate a 
standing wave and a progressive wave in self-excitation in said stack, and makes it come to cool 
said regenerator. 

[Claim 2]The loop-pipes air column sound wave-motion freezer according to claim 1 which 
consists of shape in which this interconnecting tube has a straight-line portion in piping which 
has an interconnecting-tube part of a couple which connects both ends of a straight-line tube 
part of a couple, and this straight-line tube part mutually. 

[Claim 3]The loop-pipes air column sound wave-motion freezer according to claim 1 with which 
a part of piping between a stack and regenerator is characterized by making the inside diameter 
greatly compared with other portions in piping which has an interconnecting-tube part of a 
couple which connects both ends of a straight-line tube part of a couple, and this straight-line 
tube part mutually. 

[Claim 4]When making an intersection of each medial axis when an end of a straight-line tube 
part and an end of an interconnecting-tube part are connected into the starting point of a circuit 
and setting a circuit overall length to 1.00, The loop-pipes air column sound wave-motion freezer 
according to claim 1 allotting this stack so that the center of a stack may serve as a position of 
0.28**0.05 of a circuit overall length. 

[Claim 5]When setting a circuit overall length to 1 .00, pressure fluctuation of an enclosure gas 
along a circuit. The 1st peak is near the stack, and also it is about 1/2 of a circuit overall length. 
The loop-pipes air column sound wave-motion freezer according to claim 1 p roviding this 
regenerator so that the center of regenerator may serve as a position which passed over this 
2nd peak, when an advanced (about 0.50 of a circuit overall length) position has the 2nd peak. 



JP,2000-088378,A [] http://www4.ipdl.inpit.goJp/cgi-bin/ti^_web_cgi_ejje?atw_u=... 

[Claim 6]A loop-pipes air column sound wave-motion freezer which is either of claims 1 thru/or 
5 whose gases enclosed with a circuit are gases chosen from a mixture of nitrogen, helium, 
argon, and helium and argon, or application-of-pressure air. 

[Claim 7]The loop-pipes air column sound wave-motion freezer according to claim 1 constituting 
so that construction material of a stack may consist of at least one sort of ceramics, a sintered 
metal, a wire gauze, and metal nonwoven fabrics and the omegatau may change with the range of 
0.2-20. 

[Claim 8]By a stack which changes thermal energy based on a high temperature side heat source 
and the low temperature side heat source into pressure vibration of a gas enclosed with a circuit. 
A loop-pipes air column sound wave-motion freezer given in anv of claims 1 thru/or 7 w hich will 
be provided with them with regenerator if a standing wave and a progressive wave generator 
which may be made to generate pressure vibration (resonance) which includes a standing wave 
and a progressive wave which consist of frequency according to circuit length of said circuit in 
self-excitation are required. 
[The amendment 2] 

[Document to be Amended]Specification 
[Item(s) to be Amended]0012 
[Method of Amendment]Change 
[Proposed Amendment] 

[0012]When the invention according to claim 4 makes the intersection of each medial axis when 
the end of a straight-line tube part and the end of an interconnecting-tube part are connected 
the starting point of a circuit in the invention of claim 1 and a circuit overall length is set to 1 .00, 
A stack is arranged so that the center of a stack may serve as a position of 0.28**0.05 of the 
circuit overall length of a circuit overall length. When each temperature of this condition, the high 
temperature side heat source in a stack, and the low temperature side heat source is suitable, an 
efficient self-excited vibration arises for the first time. In addition, when the invention of claim 5 
sets a circuit overall length to 1.00 in the invention of claim 1 . The 1st peak has the pressure 
fluctuation of the enclosure gas along a circuit near the stack, 1/2 of a circuit overall length (0.50 
of a circuit overall length) When fulfilling this condition by being characterized by establishing the 
center position of the regenerator according to claim 1 in the neighborhood which passed over 
this 2nd peak when the advanced position has the 2nd peak. Arrangement of regenerator 
becomes the optimal and cooling efficiency is raised further. 
[Amendment 3] 

[Document to be Amended]Specification 
[Item(s) to be Amended]0014 
[Method of Amendment]Change 
[Proposed Amendment] 

[0014]The construction material of the breathability porosity object in which the invention 
according to claim 7 forms a stack in the invention of claim 1 , or a layered product Ceramics, At 
least one sort of a sintered metal, a wire gauze, and metal nonwoven fabrics is characterized by 
independent or having accumulated and laminated [ combined and ]. having used, and being 
constituted so that the omegatau may change with the range of 0.2-20. 
[Amendment 4] 

[Document to be Amended]Specification 
[Item(s) to be Amended]0015 
[Method of Amendment]Change 
[Proposed Amendment] 

[0015]By the stack which the invention according to claim 8 is subordinate for any of claims 1 
thru/or 7 being , and changes the thermal energy based on a high temperature side heat source 
and the low temperature side heat source into the pressure vibration of the gas enclosed with 
the circuit. About the progressive wave generator which may be made to generate the pressure 



2/3 



5/22/2009 5:36 PM 



JP,2600-088378,A [] http://www4.ipdl.inpit.go jp/cgi-bin/tran_web_cgi_ejje?atw_u=... 

vibration (resonance) which includes the standing wave and progressive wave which consist of 
frequency according to the circuit length of said circuit in self^excitation in non-isothermal, if 
this oscillation device is required, it will have with regenerator. 



[Translation done.] 
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